To generate data concerning changes in levels of protein expression associated with wound healing and bleb failure in a rat model of glaucoma filtration surgery (GFS), and to identify factors that may play a role in this process. METHODS. Of 36 Sprague-Dawley rats, GFS was performed on 27 by introducing a silicone cannula through a scleral tunnel under a conjunctival flap, resulting in aqueous-filtering blebs that failed over 8 to 13 days. The additional nine rats were used as the nonsurgical control. Nine blebs were harvested at each of days 0, 2, 5, and 12 and pooled, yielding three replicates of three blebs per time point. RNA was extracted, labeled, and hybridized to 230A rat GeneChip arrays (Affymetrix, Santa Clara, CA). RESULTS. Of the 15,924 probe sets/genes present on the array, 923 genes were indicated to have a significant treatment effect at P Ͻ 0.005. Eight gene expression clusters were identified that could be broadly classified into three basic patterns. These were an increase on day 2, a decrease on day 2, or an increase on either day 5 or 12. The greatest change occurred between days 0 and 2. The most heavily populated functional categories included growth factors, structural proteins, and matrix metalloproteinases. CONCLUSIONS. This study represents the first large-scale gene expression analysis after GFS. Expression patterns for known mediators of the bleb scarring process, including transforming growth factor-␤, connective tissue growth factor, and matrix metalloproteinases, were confirmed, and a number of mediators not previously associated with this process were identified. (Invest Ophthalmol Vis Sci.
W orldwide, it is estimated that 65 million people are affected by glaucoma, and it remains a leading cause of blindness. [1] [2] [3] The principal risk factor associated with development of vision loss is intraocular pressure (IOP), and, although glaucoma has multiple causes, lowering IOP has been shown to be effective in reducing optic nerve damage. 4 -6 When medications fail to control IOP adequately, glaucoma filtering surgery (GFS) may be performed.
The long-term failure of GFS is generally the result of excessive subconjunctival scarring that develops at the site of surgery. 7, 8 Scarring can be reduced and the long-term success of GFS enhanced by treatment with antimetabolites, predominately 5-flurouracil (5FU) and mitomycin-C (MMC). 9 -11 The action of these compounds, however, is relatively nonspecific, and their use may be associated with an increased incidence of adverse effects including hypotony-maculopathy, bleb leaks, bleb infections, and endophthalmitis. [12] [13] [14] [15] [16] [17] [18] The identification of key molecular mechanisms involved in ocular wound healing, specifically those that occur in the conjunctiva and Tenon's capsule, may facilitate the development of novel treatments to limit the formation of scar tissue. Thus, there is a need for a more comprehensive assessment of changes in gene expression patterns during all the phases of scarring after GFS.
Microarray technology has been extensively used by researchers, to identify the molecular changes underlying the biological processes (including wound healing) that lead to the phenotypic differences observed in cells and organisms. 19 -22 The ability of this technology to simultaneously evaluate the expression of tens of thousands of genes, provides an unprecedented ability to study changes in biological systems at a global level, identifying how entire pathways and processes are regulated, coordinated, interconnected, and potentially altered. The utility of microarray technology is limited, however, by the necessity of having an appropriate and well-characterized animal model system.
Although the rat is well established as a model of general, [23] [24] [25] [26] [27] corneal, 28 -30 and retinal 31 wound healing, the standard animal model for the investigation of wound healing and the scarring process after GFS has been the rabbit, primarily because of the size of the eye. [32] [33] [34] [35] [36] [37] [38] [39] However, unlike the rat, there are no commercially available microarrays for the rabbit at this time. In addition, there are very few expressed sequence tagged (EST) sequences available in public databases from which a rabbit microarray could be developed. 40 -42 Although this type of microarray experimental design is theoretically possible using primates, [43] [44] [45] [46] such an experiment would be costly and necessitate the killing of a large number of primates. We therefore chose to develop a rat model of GFS with which to investigate changes after GFS at the molecular level. 47 We have used the new rat model to present the first microarray analysis of changes in gene expression in the conjunctival and Tenon's capsule tissues after GFS, which drains aqueous into a subconjunctival bleb.
MATERIALS AND METHODS
A total of 36 adult, male Sprague-Dawley rats were used for the study. All procedures were conducted in accordance with the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research and were approved by the University of Florida's Institutional Animal Care and Use Committee.
Glaucoma Filtering Surgery
Surgical anesthesia was induced with a mixture of isoflurane (Aerrane; Baxter Healthcare Corp., Deerfield, IL) and oxygen, initially through an induction chamber and subsequently delivered through a standard rodent nonrebreathing anesthetic circuit connected to the animal by face mask. Additional topical anesthesia was provided in the form of 0.5% proparacaine drops (Bausch & Lomb, Tampa, FL).
Eyelids were retracted with two 8-0 traction sutures (Vicryl; Ethicon Inc., Somerville, NJ) and the globe rotated inferiorly by an assistant, using a cellulose sponge (Microsponge; Alcon, Fort Worth, TX) applied to the cornea. A limbus-based conjunctival flap was created 3 to 4 mm behind the limbus by making a conjunctival incision and elevating the underlying Tenon's capsule by blunt dissection. No antimetabolites were applied. A full-thickness scleral tunnel was then created with a 29-gauge needle, which was inserted into the anterior chamber (AC), taking extreme care to avoid the iridal blood vessels. Rats exhibiting any hyphema were not included in the study. Viscoelastic (10 mg/mL, Healon; Pharmacia & Upjohn, Uppsala, Sweden) was injected through the needle to maintain the AC and the needle withdrawn. A beveled 30-gauge over-the-needle microcannula (Fine Science Tools, N. Vancouver, British Columbia, Canada) was then inserted through the scleral tunnel (Fig. 1A) . After it was inserted into the AC, the cannula was advanced through the iris tissue into the midpupillary area of the AC, after which the stilet was withdrawn (Fig. 1B) . The tight fit of the cannula in the sclera tunnel and iris tissue meant that no anchoring suture was necessary, and none of the eyes in which surgery was performed exhibited subsequent slippage or dislocation of the cannula. The proximal end of the cannula was trimmed flat approximately 1 mm behind the limbus and a bead of fluid visualized to confirm patency (Fig. 1C) . The conjunctiva and Tenon's capsule were closed in a single layer, using a nonabsorbable 10-0 suture attached to a blood vessel vascular (BV) needle (Prolene; Ethicon, Somerville, NJ) in a continuous locking pattern. In all cases, a filtering bleb formed immediately after surgery. A single drop of combined anti-inflammatory/antibiotic ointment (Neomycin, Polymyxin, Dexamethasone; Bausch & Lomb) was instilled after surgery. No additional medications were given.
Blebs were observed to be elevated and avascular for the initial 24 to 48 hours after surgery ( Fig. 2A) , becoming less elevated, fleshy, and more vascularized in appearance by days 4 to 5 ( Fig. 2B ) and flat by days 8 to 13 (Fig. 2C) , which was consistent with the previous experience with this rat model of GFS.
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Sample Collection and Preparation of Labeled Copy RNA
Each of nine rats was randomly selected and killed 2, 5, and 12 days after surgery. Bleb tissue from an area measuring approximately 4 ϫ 4 mm, consisting of conjunctiva and Tenon's capsule was harvested by sharp dissection and immediately placed in individual 1.5-mL microfuge tubes, snap frozen in liquid nitrogen, and stored at Ϫ80°C. Conjunctival and Tenon's capsule tissue from nine rats that did not undergo surgery was harvested and stored in the same manner and served as the nonsurgical normal tissue control (day 0). The nine independent samples for each day were then randomly placed into three groups of three samples, generating three replicates for each time point (12 pooled samples in total).
Total RNA was extracted from each of the 12 pooled samples and prepared for hybridization according to the GeneChip Expression Analysis Technical Manual (Affymetrix, Santa Clara, CA). Briefly, tissue samples were macerated in lysis buffer and the RNA extracted (RNeasy Mini kit; Qiagen, Inc., Valencia, CA). Eluant was further cleaned and concentrated by using a companion kit (RNeasy MinElute Cleanup; Qiagen, Inc.). The quality of each clean RNA sample was assessed after running 200-ng aliquots through a microchannel RNA analysis chip on a bioanalyzer (RNA 6000 Nano Chip; Agilent Technologies, Palo Alto, CA) and evaluating the relative amounts of 28s and 18s ribosomal peaks.
A 5-g aliquot of RNA was used as a template for complementary DNA (cDNA) synthesis (Superscript Choice System kit; Invitrogen Life Technologies, Gaithersburg, MD). First-strand synthesis was primed with a T7-(dT) 24 oligonucleotide primer containing a T7 RNA polymerase promoter sequence on the 5Ј end (Genset Oligos, La Jolla, CA). Second-strand products were cleaned (GeneChip Sample Cleanup Module; Affymetrix) and used as a template for in vitro transcription (IVT) with biotin-labeled nucleotides (Bioarray High Yield RNA Transcript Labeling Kit; Enzo Diagnostics, Farmingdale, NY). The copy RNA (cRNA) product was cleaned with the cleanup module, and a 20-g aliquot was heated at 94°C for 35 minutes in fragmentation buffer provided with the cleanup module (Affymetrix).
Array Hybridization
Fifteen micrograms of adjusted cRNA from each sample was hybridized for 16 hours at 45°C to an Affymetrix 230A GeneChip array. After hybridization, each array was stained with a streptavidin-phycoerythrin conjugate (Molecular Probes, Eugene, OR), washed, and visualized with a microarray scanner (Genearray Scanner; Agilent Technologies). Images were inspected visually for hybridization artifacts. In addition, quality assessment metrics were generated for each scanned image and evaluated based on empiric data from previous hybridizations and on the signal intensity of internal standards that were present in the hybridization cocktail. Samples that did not pass quality assessment were eliminated from further analyses. 
Generation of Expression Values
Microarray Suite, version 5 (Affymetrix), was used to generate *.cel files, and a computer program (Probe Profiler, ver. 1.3.11; Corimbia Inc., Berkeley, CA) developed specifically for the GeneChip system (Affymetrix) was used to convert intensity data into quantitative estimates of gene expression for each probe set. The software identifies informative probe pairs, and down-weights the signal contribution of probe pairs that are subject to differential cross-hybridization effects or that consistently produce no signal. The software also detects and corrects for saturation artifacts, outliers, and chip defects. A probability statistic was generated for each probe set. The probability is associated with the null hypothesis that the expression level of the probe set is equal to zero (background). Genes not significantly expressed above background in any of the samples (P Ͼ 0.05) were considered absent. Absent genes were removed from the data set and not included in further analyses.
Data Analysis
Tests of Significance. Gene expression levels were subjected to a one-way analysis of variance (ANOVA) for four treatments (0, 2, 5, and 12 days) and three replications using AnalyzeIt Tools (http:// genomics3.biotech.ufl.edu/AnalyzeIt/AnalyzeIt.html), a custom soft- Genes were considered to have a significant treatment effect if the probability for both the ANOVA and the permutation analysis was Ͻ0.005.
The expression values of those genes that were considered to have a significant treatment effect were normalized by performing a Ztransformation, thereby generating a distribution with a mean of 0 and SD of 1 for each gene. K-means clustering and principal component analysis (PCA) were performed on normalized values (GeneLinker Gold 3.1; Predictive Patterns, Kingston, Ontario, Canada), and hierarchical clustering was performed with BRB Array tools.
Gene Annotations. Lists of probe sets (genes) associated with specific aspects of wound healing were generated by conducting queries of the NetAffx database (Affymetrix). Associations are based on the Gene Ontology Consortium's annotations, which has defined terms to describe gene product attributes. AnalyzeIt Tools was used to merge annotations with expression data. In this way we were able to evaluate wound healing at a more global level by identifying pathways and processes that may be interconnected.
RESULTS
Gene Expression Is Affected by Treatment
Of the 15,924 probe sets (genes) present on the Affymetrix rat 230A array, 13,725 were detected above background on at least one of the arrays. Of those genes, the expression of 923 was significantly affected (P Ͻ 0.005) by the treatment (postoperative days). The false discovery rate for this analysis was 7.4%. The 923 probe sets identified as being significantly affected by treatment were divided into 344 that had a functional annotation ( Table 1) , 142 that had a strong similarity to an annotated gene, 212 that had either a moderate or weak similarity to an annotated gene, and 216 that had no annotation.
Ninety-two genes that were significantly affected by treatment had a greater than fivefold change in expression level, relative to that of the nonsurgical control, at the 2-, 5-, or 12-day sampling period (Table 2) . Forty-one percent of these genes 38 had no annotation. However, as expected, many of are com- 
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monly associated with wound healing, such as structural proteins, growth factors, and enzymes.
Clustering Gene Expression Patterns
PCA was performed to identify the degree of similarity between samples. The three-dimensional PCA plot indicates that there was a high degree of similarity between samples within the same treatment, but much less similarity between samples from different treatments (Fig. 3A) . This effect is also demonstrated by the hierarchical clustering of samples (Fig. 3B) . Despite the fact that the 0-and 12-day samples clustered together on one branch and the 2-and 5-day samples clustered together on the other branch, correlation is actually low, suggesting that the samples from each time point represent unique groups (Fig. 3B) . K-means clustering was performed to group together genes with expression patterns, in response to all treatments, that were similar. We identified eight different K-means clusters that fell into one of three more basic expression patterns (Fig.  4) . The three basic expression patterns were distinguished by their relative change in expression 2 days after surgery and are characterized by genes that increased, decreased, or showed no change.
The largest group, which consisted of clusters 1, 4, and 8 and contained 55% (507) of the genes, was characterized by an increase in expression on day 2, after which clusters 1 and 8 returned to control levels at various rates, whereas the expression of genes in cluster 4 remained high through day 12 (Fig.  5A) . The second group consisted of clusters 2, 3, and 7 and contained 36% (329) of the genes (Fig. 5B) . Genes in this group had an expression pattern opposite that of the first and were characterized by a decrease in expression levels on day 2. In the third group, the day-2 expression levels remained unchanged from the control levels and then increased on day 5 (Fig. 5C ).
DISCUSSION
Animal Models
To make optimal use of the microarray technology for investigating a process such as bleb failure after GFS, it is necessary to generate multiple tissue samples across multiple time points.
This type of experimental design is not possible in humanshence, the need for an animal model. It would be ideal to use a successful animal model of GFS as a control, but all existing animal models show aggressive healing, leading to eventual failure. Like other well-established animal models of GFS, our rat model exhibits relatively aggressive wound healing, which may mimic the more problematic human clinical cases.
Wound healing in the mouse after the subconjunctival injection of physiologically balanced saline 48 and scleral (needle) perforation, 49 as well as healing after the creation of a scleral wound in the rat, 50 have been described. However, we have been unable to demonstrate survival of the scleral needle tract bleb in the rat beyond 3 days. 38 Furthermore, none of the previously proposed mouse or rat models resembles current human filtering surgery as well as the new rat model used in this study, which exhibits two important features. First, it results in a filtering bleb that is sufficiently long lasting to characterize progressive bleb failure. Second, it closely mimics previous primate and rabbit models and one form of human glaucoma surgery, through the insertion of a tube into the anterior chamber and drainage of aqueous into the subconjunctival space. The model behaved in a reliable and reproducible manner, as indicated by PCA, which showed good clustering of multiple samples from various time points. Problems associated with this model are generally caused by the small size of the ocular structures and include the technical difficulty of the surgery, difficulties performing tonometry, and the small amount of tissue that is obtainable for histologic or other investigation.
Gene Expression Patterns
Microarray technology offers the unique ability to assess major trends and broad patterns of gene expression. Microarray studies are now commonly found in most areas of life science research and are an invaluable research tool. The ability to view the system at a global level by nature dictates a nonhypothetical approach. However, it is this fact and the fact that microarrays can simultaneously test all hypotheses that give this type of study its unequaled ability to look at molecular mechanisms. Gene array studies are typically designed to yield large amounts of unbiased data, identifying the differential expression of genes across biological processes and helping to generate new hypotheses. Our study was designed within this context and is an initial broad overview of a biological process. We have highlighted several groups of mediators with expression levels that are significantly altered across the course of bleb ageing in this model. It is our intention to characterize further and investigate some of the potential mediators of the bleb-scarring process identified in this study, but these experiments are beyond the scope of the current report. Further experiments to confirm the differential expression of specific genes identified in this study using the microarray technique are needed to substantiate these genes' involvement in the wound-healing process.
Despite the fact that we chose a very stringent criterion (P Ͻ 0.005) for significant change in gene expression, to minimize the number of false positives, 923 genes were apparently affected by GFS at this level of significance. The greatest amount of change in gene expression pattern occurred 2 days after surgery, but the expression pattern associated with each sample period was unique, based on the degree of separation between nodes in the hierarchical cluster and the grouping of samples in the principle component analysis (Fig. 3) .
The genes for which there was a significant treatment effect could primarily be classified into one of three basic expression patterns: an increase on day 2; a decrease on day 2; or no change on day 2, but an increase or decrease on days 5 or 12.
On day 2, we saw an increase in the expression levels of several genes involved in the initial phases of wound healing. These included several heat-shock proteins, signaling genes such as MAPKK and FK506-binding protein 1a, cell-cyclerelated proteins, and cyclins. Other genes with increased expression levels were those associated with glycolysis, as would be expected during new tissue building. The genes associated with apoptosis (predominantly the Bcl-2 and caspase families) did not show significant changes. We saw further evidence that structural changes were beginning to take place, as indicated by increases in procollagen (types 1, 2, 10, and 12), collagen (types 1, 3, 5, and 18), vimentin, integrin, fibronectin, and matrix metalloproteinase (MMP)-2, -3, -9, -13, -14, and -24. Some of the early responses, such as those of the heat-shock proteins and cell-cycle-related genes, were transient, and transcript levels returned to presurgery levels by day 5. Others, such as the procollagens (except II), the collagens, and the MMPs (except 24), remained elevated through day 12. The elevated expression of these genes at day 12 indicates that the wound-healing response continues beyond bleb failure.
Wound-Healing Patterns and Specific Genes
Tissue injury, surgical or otherwise, results in a cascade of platelet aggregation, adhesion, and degranulation and initiates a chain of cellular signaling pathways, including the local release of multiple cytokines and growth factors that activate the expression of various genes and their protein products. 51 In the rabbit model, several growth factors have already been implicated in the conjunctival scarring response after GFS. These include transforming growth factor (TGF)-␤ 52 and connective tissue growth factor (CTGF). 53 Based on these data, the expression of these genes was also specifically assessed.
The TGF-␤ family represents a group of structurally related peptide growth factors that occur in isoforms 1, 2, and 3 in mammalian tissue. As well as isoform type, translational control and activation of the latent complex are important determinants of functionality. Multiple transcripts of TGF-␤2 with different abundance and sizes have been described in various tissues. 54 -56 The structures of the different transcripts are largely unexplored. Both a long (2880 bp) and short (1255 bp) form of TGF-␤2 have been described in rat muscle, with the long form constituting ϳ6% of total TGF-␤2 messages. 57 TGF-␤ has been shown to induce cell migration, 58 scarring, 59 and wound contracture. 60 Recent work by Cordeiro et al. 61, 62 has shown increased experimental bleb survival in the rabbit, with the use of injectable TGF-␤2 antisense oligonucleotides, and improved bleb survival in patients, with the use of a novel, recombinant human monoclonal antibody to TGF-␤2.
After GFS in our rat model, levels of TGF-␤1 rose from day 0 and day 2, becoming most elevated by day 5, and decreased again by day 12 (Table 3) . TGF-␤2 expression was identified by two different probe sets (Affymetrix IDs 1387172 and 1388011) that may represent splice variants of the same gene. We interpret the first ID annotation to be representative of the long form of TGF-␤2. This indicated an initially high level, falling by day 2 and returning to baseline on days 5 and 12. The second annotation, we interpret to represent either the short form of TGF-␤2 or a combination of the two forms and as such, to be more representative of overall TGF-␤2 expression. This peaked by day 5, returning to baseline by day 12. This finding mirrors our previous ELISA data from the rabbit model, which showed peak TGF-␤2 levels on day 5.
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TGF-␤3 expression increased from day 0, reaching a peak by day 5, and remained elevated above baseline on day 12. TGF-␤3 has been associated with scarless healing in skin. 63 CTGF has been found to act as a mitogen in fibroblast cell cultures and to upregulate components of the extracellular matrix (ECM), such as collagen, integrin, and fibronectin. 64 CTGF has also been shown to be a downstream mediator of TGF-␤. [65] [66] [67] [68] [69] In keeping with our understanding of the role these growth factors play in bleb failure, we found that the CTGF increased from baseline to reach maximum expression by day 5 after surgery, with a more than fivefold increase in levels. It decreased again by day 12 but remained above baseline levels. This pattern is again in close accord with our previous work examining CTGF levels by ELISA after GFS in the rabbit model. Other growth factors with expression changes after GFS included multiple members of both the fibroblast growth factor (FGF) and insulin-like growth factor (IGF) families (Table 3) .
After the acute inflammatory phase, re-epithelialization, angiogenesis, and granulation occur. New vasculature facilitates the migration of fibroblasts into the wound bed, in response to cytokines and growth factors, where they proliferate and synthesize collagen and other components of the new ECM, including proteoglycans. 70, 71 Collagens are the structural proteins that provide tensile strength to the wound. Collagen synthesis as well as fibril diameter has been shown to increase in response to mechanical stress. 72, 73 The basic structure of proteoglycans includes a core protein and at least one (but usually more) carbohydrate chains, the so-called glycosaminoglycans (GAGs). These provide hydration to the cornea and conjunctiva, 74, 75 and GAG alterations associated with healing in the cornea have been reported. 76 It is the maturation and organization of the synthesized collagen that results in the formation of scar tissue, and the changes observed in the expression of products such as lumican, biglycan, vimentin, and fibronectin are consistent with changes that would be expected as the conjunctival wound forms a scar and contracts. Integrins and fibronectin play crucial roles in cell adhesion, migration, and signaling by providing transmembrane links between the extracellular matrix and the cytoskeleton and generating cell-matrix adhesions. 77, 78 Vimentin is a widely expressed intermediate filament protein, involved mainly in structural processes and wound healing and plays an important role in mechanical and biological functions, such as cell contractility, migration, stiffness, stiffening, and proliferation. 79 Vimentin is secreted by macrophages in response to proinflammatory signaling pathways. Extracellular vimentin also has a bacteriocidal function, 80 and it has been used as a marker for myofibroblasts (MFBs). 81 Changes in expression of multiple structural proteins and components of the ECM were noted in our model (Table 4) . Fivefold or greater increases were seen in procollagen 1; collagens 1, 3, and 18; vimentin; and fibronectin (Table 2) .
Substantial evidence indicates that wound contraction in connective tissues is cell mediated and that the active cell type is a modified contractile fibroblast, the MFB. [82] [83] [84] [85] MFBs contain the contractile apparatus of smooth muscle cells, ␣-smooth muscle actin (␣SMA), and can be identified by its presence. 86, 87 As repair progresses, fibroblasts display increased expression levels of adhesion molecules and assume an MFB phenotype, mediated in part by TGF-␤, to facilitate wound contraction. 88 Contractile fibroblasts have been identified in contracting wounds in the cornea and conjunctiva. 89, 90 In our array results, ␣SMA activity was noted to increase from day 0 to a peak at day 5 essentially doubling in expression and beginning to fall again by day 12.
The final phase of wound maturation is the degradation and reorganization of fibrillar collagen and other matrix proteins. This function is assisted by a family of structurally related proteolytic enzymes, the MMPs. More than 20 different MMPs have been identified. Structural differences between MMPs confer substrate specificity, regulate binding to matrix proteins, and determine interactions with the tissue inhibitors of metalloproteinases (TIMPs), which inhibit MMP activity. 91 MMPs may degrade multiple substrates, with substrate overlap between individual MMPs. Most MMPs are not expressed in normal tissues but are transcribed in response to stimuli such as inflammatory cytokines and growth factors. Multiple cell types, including macrophages, fibroblasts, neutrophils, epithelial cells, and endothelial cells can synthesize MMPs. MMP inhibition has been shown to modulate postoperative scarring after experimental glaucoma filtration surgery. 92 In our model, we noted a more than fivefold increase in the expression of MMP-2, -3, and -9 (gelatinase B). After GFS, gelatinase B exhibits the ability to degrade components of the ECM and regulates the activity of a number of soluble proteins. [93] [94] [95] [96] The expression of MMP-9 was indicated by Affymetrix IDs 1369166 and 1398275, which we interpret to represent two transcript variants of the gene. Both of these rose from baseline levels to peak at day 5 and subside again at 12. The gene expression of MMP-2, -3, and -9 as well as those of the other MMPs identified and the TIMPs is presented in Table 5 .
As well as factors that may have been anticipated to fit our proposed model, we noted significant changes in expression (fivefold or greater) in multiple genes whose role in the healing conjunctival environment has not been previously examined. These included breast cancer susceptibility gene 1 (BRCA1)-associated RING domain, cysteine-rich protein 2 (CRP2), renin I, polo-like kinase, members of the serine/threonine kinase 97 In vertebrates, members of the CRP family mediate protein-protein interactions and are of fundamental importance for cell proliferation, cell differentiation, cytoskeletal remodeling, and transcriptional regulation. 98 CRP proteins contain domains necessary for protein-protein interactions. 99 The polo-like kinase family is involved in many aspects of the cell cycle, such as activation of Cdc2, centrosome assembly and maturation, activation of the anaphasepromoting complex (APC) during the metaphase-anaphase transition, and cytokinesis. 100 The serine/threonine kinase Akt, or protein kinase B (PKB), lies at the crossroads of multiple cellular signaling pathways and acts as a transducer of many functions initiated by growth factor receptors. 101 KLFs are highly related proteins that are important components of cellular transcriptional machinery. By regulating the expression of a large number of genes, KLF transcription regulators may take part in virtually all facets of cellular function, including cell proliferation, apoptosis, differentiation, and neoplastic transformation. 102 The ASGPR is a prototype of the class of receptors that enters cells and delivers ligand to intracellular compartments. 103 This receptor has been identified as a good indicator of periportal and/or bridging necrosis and fibrosis in hepatic research. 104, 105 It is also involved in the in vitro clearance of apoptotic bodies.
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CONCLUSIONS
To our knowledge, this study represents the first time a broad spectrum of gene expression after GFS in an animal model has been examined. This microarray analysis represents an initial step in a series of experiments to determine the roles and mechanisms of various mediators of the bleb-scarring process. Other steps may involve protein assays and interventional studies. The identification of key mediators of the wound-healing process may lead to the development of further novel and specific treatments that could improve long-term surgical outcomes and perhaps avoid the unwanted side effects of the currently used, relatively nonspecific antimetabolites. 
